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Abstract 



PURPOSE:To improve the resolution of the oscillation frequency of a frequency synthesizer. 

CONSTITUTIONS sawtooth wave circuit 1 which works with a reference signal fr is provided together with a sawtooth 
wave circuit 2 which works based on the division number N designated previously and the output of a voltage control 
oscillator VCO 8, and a digital phase comparator which controls the oscillation frequency of the VCO 8 based on the 
difference between the output of the circuit 1 and the output of the circuit 2. Furthermore a circuit which controls the 
oscillation frequency of the VCO 8 consists of a bit number reduction circuit 53 containing a DELTASIGMA type noise 
shaping circuit, a D/A converter 9, and an LPF 54. In such a constitution, a frequency synthesizer of the high resolution of 
100Hz or less can be obtained even with a D/A converter of about 12 bits. 
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ArtB^fctfffcTaailtfffHMgt. ±s»ioi 
st, ±E»Ko*»«©ta^*A*fr6y-fX^x 

*UT«*«n*rfc«Mitf hftftwan. 

st, ±BiB2©«*8©tt*£»#r*»i©*&« 

t. ±E»l©*5HB©tt*£**fcT*±ESI2©a 

ft. 

IK*B3] MtmBftolfy hftfttt@KC*l> 
T. ±By<Xxx-kT>4f®l»)&«±B»l©«»»© 

t, ±B«lo««NioUA»6NfWa>lllACMIIEr 

»2©*»at, ±B^2<offl»«^ta**fi : P^T* 

±B*2 0« : ?{fc»t, JJBJB2©ft?<flX©fflftl;:2 

«©«ff*4«±B«HWi&**LTii«an*c:i: 

*. ±E-«£«yhS©5 f -*«*«fc0fc»Vifcfy hS 

A*m*fc«wwiw*fc"r««^&iio*'r<5jni»«i:, 

±EftI*S(Offl*&*^Hkr**l©*^b»i:, -hS§ 
m 1 ©S^fc8©ffl*tJtEAAft**£©S#*£:*SS 

±Emi<D^»3§(Dm^^A^t^^y 
>rXS/x-K>y®»i, ±Em©*?ft«ti:&fca 

&<*it*>iE8§£, ±EaEa©tu*t±Ey-fX->x 
- tf > ^®Km* t^un*& 1 0 ±ew^m^ tr^fin 

MA. 

amfc£%£T*2§ 2 ce>mhw@b&, ±Em 1 <ogg 

««ett@BOtii^ t ±EJg 2 6 

±geig 1 Rum 2 ®<DmfK#&®&<Dm#vt&<D&ftm 

Mttttl§ritOtt*(rj:^T±B«£IH*»«ll«>K« 
ft £ ©f*K: ifcfl L fc^li^«:»T»l6T^««ft •> >± 



(2) 



iffiCy h*ft*al»©aiafc7*ayB*IK* 
m?ZD/A&&8t> ±ED/A**»C!)ai*fiA* 

[Bt#3i6] ±B« 1 OMIKttSK. ±ES&2<D|g* 
±Er-r^;Wia:«Jtt»l2lM»t;±Et?!yH 

v>T, UK, ±B»H**7PU*fcl,±E«BEM«8 
■■©«**©±E£? hfttt*gl»©A*tt€B* 
U •r&llM a r«±E«BE«IIMMa)««nKft« 

[IMS] ■*J«5E«©«Bc'»"fe'tJ-'fifr-K:* 
V>T* MiC> ±E»«**THI/^i:b±E«B£«HBB 
# «»©C*»0±Efcfyh»tt«igBOA*«*Elt-r 
*E*laIfc£, «fcfc«*TS#E*K:*oT, ±EE 
1M»*&l»£*ftfc±Elf * h&&MlIISi©A:tffi 
^&±E*ffi«W*fi*©«l»B#£«*U±E«JE« 

MM* 9] MUD 5. 6, 7Xtt8E8©W*fc^> 

So 

30 [391©f*iBI&ffi9i] 
[000 1] 

[»*±©fW#IP] *«Hli, try h&<£$@ftRtf 

c**-r*if-y h*«iiii»ftitti*PWB^-yte±E 

[0 0 0 2] 

©affl*****rr*f*ttBB«sm kmm 

(VCO) , q7*#JM. *MS*S*A»Ttttt 
(PL L) *tt«U TOMM«©4M«fc 

SO L, 7^D^«©jt«W**7-f;^T«#l/fc«. V 
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(3) 



#Bfl¥6-104 7 50 



#^£n*©T, £n6©&#£«<fc«>C±E7^ 

^ <+*<&«^*o, sj 

[0 0 0 3] COHIfl &m»ffl*£7*D^fcT 

>*iKif-**s*3nfc (#*xir:#w. +nr ^ 

Vol. J7 3-B 
-2, No. 2 > PP9 5- 1 0 2, 1 9 9 0^2 

[0 0 0 4] CO*«tt«tt«W«ft«*ft^>-fe*-f 

stfAaans. ±Gtt«tti»a, ±e2oom« 
n 5 1 tt«jtitsm* \zmm t ®s« ± m©*» 

COOHMiWWFCBiarr*, £©i$©vco©8 
MIMfcfffiL (l) jtfcTStt*. 

fr= (MXP) -r (B X T) -(1) 
[0 00 5] 

VCO**IW-««*, D/A£«g©##t8*«ES» 

«*tf, VCO©H*jftOFHC««!«B^4 0MHzT 
lOOHzaT0Kft»**#J:^it« 
^ D/AfcUfflfctfEftt:? hfttt 1 9 try HELL* 



y ha±<OD/AS6ftS«*»#t*lt** : F«fll«>l8 

sr nt**t»»u 1 2k? k«>d/a«* 

8t7 1fyh©D/A«»WCfe^ **©D/A«« 
S0ffi*€HDj»-r*C4:lc^-3Tffl*©D/A«»«0 

±E-*fcT* h»©x-^S*J:0t>fi^try h3c©fl 
[0 0 0 6] 

[«i]S£#tfei"*fc«>©^a] ±ein«XA a r«^ 

sa^ft-r^miofi^ftst, ±Essi©fi^t»© 
ma t±aBA*m^^©«»€A* t-r* -/ -r x~>x- 

c5ffl*ckoaD»*r5irajf«*>&#i*r-&. bps* mi 

l©«^fcg©ffl;fr£A;*7«#£©2#£. ±E/>fX 
[0007] ser:**wo««S2/>-fe-t>-fif-tt» £ 

i"*fB2 0«*«*B»4:. ±EfB 1 

hi * t .mm 2 omttttHHtam:*) t ©^£*> e> ±12 

t±E#**Nt©*icit«l/fcJIW(«*tT»« , r 

>*lM1f-K*^T, ±E*EEM«SSBa&&Mft 
»W»feff5lHlj8^ ±E£? hft««lilK&. ±Etf 

y hfttt*®tt©m*ft7^nye^t*«-r*D/A 

**IBi:±eD/A**»©W**AAt'rstt«a»r 
[0008] 

5y ©tt^j^y, /<X'>x-fcr>^ll»ai^S:e, tfyh 
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(4) 1 04 7 5 0 

5 6 
RffiMEttWaSD A miCOft^lbgl^ *g|g (b) tt. (2) ST***. 

b = x - y - (2) 

b«y-rx>>x-fcf>^iEi^icA^$n^. y-rx^x *B0*«ttW€*-r. 

-fcr>^@KOe»H»tt (3) 5ST«tt*. dCT, [ft 3] 

N q \*J <i Xxx- V>?®f&<D# ft 2 (DfiTIb^ 

e - b z" 1 + ( 1 - z 1 ) ' N q - ( 3 ) 

itt/-fX5'x-e>y@fc0*ft£«U ★ [0 0 0 9] JIELfcy fcy-fXv'x-fc^yBttHWJ 

ic*MTtt«»»o*c»Arr*. * 1 ©MHtsaw (4) stiTi$n^ 

*yfcei:©«3Bltt£Hft$-&*fc«K yfcy-fXvx [ft4] 

DA = yz ' + e — ( 4 ) 



(4) 6 If? h»fi*®tta*DAtt, A*x38t« 

©t, Bfa©«*ft#*fc*^T. xamesrftmF 
tf^snfcigKef&ST**. ccTy^Xvx-e 

> ^ £ n*: m ttft»**<*ff & n^s^{b$i# tt» > y 

JWflSft© 2 1 ®ffiSftfc]Bjft£8o.J; 5 MM? 4 
n*. 

[0 0 1 03 fcfc, /^Xyx-tf>^»j|^D/A3E 50 

¥ rr i7tr«yh *-/t— *»*u >^ d/ 

/-fX vx-tf>^ 7-f -f- -f- -i— 
*7 V U y H-Xf-f h h > 3524^4 

^A^1989^ (Yasuyuki Matsuya. "A 17-bit Oversa 
mpling D-to-AConvertion Technology Using Multistag 
e Noise Shaping", IEEE Journal ofSol id-State Cite 
uit, vol. 24, No. 4, Aug. 1989) ^>>7=./\y V? 
A7l f*-r%-V>7*)>9 D/A 7>F D/A 3> 40 
K—trX V-iX TJl.fXf-y/'fX vx-tf>^ 
tfal/-^ T< "f- -i- -f- b7>X79zsB 

> *> 73»)Xf^^X , Xfcf-^ 7>F 

H36#12^ 12fl 1899*F (Kuniharu Uchimura, , "Ove 
rsampling A-to-D andD-to-A Converters with Mult is t 
age Noise Shaping Modulators", IEEETransaction on 

Acoustics, Speech, and Signal Processing, Vol. 

36, No. 12, Dec. 1899) jW*. ftoT, ±E»fifca> 



N q 

X->x-fcf>^CJ:-3T»«»ft<R*lc*«2fnfc*F 
ft:»iPS±ffie««»T7 * i:<fco T»flrr * z t k 

£3, *fc^tf v h»<DD/A3E«S^fflv>Tt>, 

£*. 

[00 11] 

Hltt, *«W»cJ:*W«ft-»-fe^-f'lf-©-* 
*fl©*#*^-r:/ny*B-e&«. E«ftv>-lr!M 
If-ft, >ZpflH»f r, #ffl»N, MttCtMlESfHfllff 
^Fcont, 8JMtt I n i t Rtf*H»W»*.«*JG a 

r*m<B«*tt*l§I»l, yux^7 7 0tti^6 

ss i <Dmi3<o-&mmz&ttz&ft&TRzm 1 ©aa® 

B3, «g|&tt»®B2<DrJi*0-5e^rair^^<bS»* 
*S»2 0S»IpIB4, 2»[e|»4(Driia f 

oa*@Bi 9oia**«ji-r*»Miai 8, aa*$g 

1 8 <Dihi3 F s a £*fl#f Zm® 5 , 5 Oft* 

(DtitfiF s afr&Attftg£tt£fi^£&£?*flttft 
ttiEKl 2, AttftftiEfll 2 0Dm*€x^^^7-f 

6 corB^D o u t \zmn?z>1sa&% 17, 
;k7-r;i/^6cDtii^Dou t>o>e 2r)0«g«^&lHlBl 

r^2 omxmvwm&tt&z&tnrz&ttm&M® i 

1, ADlHIl 7 0ril^DAGCtft«^ttrll«l 1Mb 
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(5) &Bfl¥6- 1 04 7 5 0 

7 8 

«4»4 7o«»aw&a««©»3et;p-^pj#a) ^ux^-77CDai*cLKP©i3t±oxyi;m^ 

«35£fT3fWRSllI»l 0, SRIffBCORIl 0tf>mrt CK2ElC£oTir* h*n*7Uy:/70y:/2 2, 

D A C tf y b ft«"T -5 fcf y h 5 V >) yJ7Uy72 2<0&1l f r tf>£± 0 X 

3, hftffi«I5IK5 3lr<fct>T^r«ltfy h&£<££ y^WCK 1 RETQW^^W^rsU^Z^ 2 3, 

D/A«ft»9©til^JC§*n6»W»JI#&»E"r* 082 5, jg&(s)J&2 5(Dtb^CK 1 R-D e 1 ayt 

aQXZ7 4)\,jr (LPF) 54, L P F 5 4 (Otii*? l/yX^2 3^ (b) t 

«St*«»$n^*fEtIW*«» (VCO) 8, 2 4, tya7^MOD$CK2EW^>^T 

r ZftmLm&&i'>'t'9''t*f-C>WlttZny!7& 10 WiQ&tS UVX? 2 8, 2 8 0)tfJ;fr£ANDtEl 

««T*-r*^^5>y*^lHlB2 l&tfVC0 8OW &2 4(Dtfi# (O T©0Ml/yX^2 9> Uy7^ 

*^PX«P+ 1 ©»WJtlCT»«T*^UX^-5 2 9 0tfi*SYMODtJ/5;x^2 3©ffl*t©»a* 

7, S«pm^f rt*»*6*A6n*i«*Ni:±E «*AND@»2 7^6<B*Sn*. &0&*[e]&1 

2 0-tn-€ r n©lf-^BW5*(liim 9<Dffl:m*AND|I]fc2 7at£±ti^y K l^X*2 

[0 0 12] ^uTtt £teL?&.&„ 

RW±» [0 0 15] H3®^-f5>^v-H*tt, 

fi = 12. 8MHz @B1 9CDA^m^T*«)CKl RE, CK2E, MO 

?VZtr-5»mtt P=12 8 D, rtiftTfc5CKlR-Delay, SYMO 

»M& N=38000 20 D, (a), (b) , (c) Rttffla©*bo-bT*^ 

felC!E£3*Vf, tt«©*«LT»^l6T**. UX^r-7 7©a*CLKPt>R|»K:^U/!:. CK1R 

fclsI&ll;:*H>T> »MMf r£#«fcRiT#«l, Ett**P»#f,CDfi±DX!yi;icraJBlxfc»#, CK 

fc^Dy^CLKR 1 CD£± 0 #fc*MM> 6 4* 6*1* 2EIJCLKP OA ± 0 X y 5? fc^JB Lfcm#> C K 1 

»fflRNt*L^»jSn*0«*«»*±rt-r*. Sgfc# R-De 1 a yttCK 2 E^-«^W^jg3^»#T 

WUttiatMjtt, ^lsIS»3tC*5^T-0«IO^-f ^ fc*. ±12— SMnSKai/i?X^2 2 0XSRn£9 

oT> 3 Offl^^Dyy-CLKRl UX^-7 70ffl;ftCLKPi;:[^LT&ffcU MOD 

«n?a*N<h&S. ddTSg#^&l5lBlR^2 0S^ # Tlj ©*^>*»Jxy-7 7<D^»75tp, fHj <Z> 

MMfcM5) ^ICT^L^n*. 50 »£:/UX*-5 7eD$H«#P + lt&SCi^ 

M=NX Ri ». (5) f. 

*^©«*«ft©^fll|Ttt (6) [0 0 16] CK 2 ECD£±9 ^ >#\ZT. 7Vy 

T = RiXR 2 -ff, - (6) ^707^2 20(11^ l"Hj 7'J7^7D 

(5) jfclfetf (6) ^tlC^T, ^»Ri&^R2«tt 7^2 2<DlitfiQi)mVl2tlT^Z>Ui;X? 2 

D-y^CK 1 REtefrtC|»l#! 

[0 0 13] ClwT, £#®»3©»{p£fr3*£. 88 **JS«Tttl2. 8MH z WC7U y*77Uy7 

•*»®»l*«»*«M€ttA.fc^a)^-f 5>dfT, £ 2 2<DQffi^ (a) U yX^ 2 3 CDQtlirt 

»@B3OdiAi:N-M(0t*«*4«^ ***S«-C \Zthtl (b) 7'J^7D77 / 2 2^ (a) 

tt, CCO^-f 5>^C0», M=0tLT, -JfcfflNtfffl ftf THj C K 1 R EC0£±0Xy x#58£U;t 

*Sn«J;5IC«*l/fc. rntdctD, ttffiit«^miC 4» »£\ l/yX^2 30Qffi^ (b) tt THj & 

%*nz±M<omf&V3<ztw?gz>. mmvt&mto \z. vvt.*?2 3<dq&ji <b) & thj an 

2&Zfim&®K4\Z&\,>Xh. m*Vt»mm tm^m D®&2 40MD (c) ttll^CKU-De I a 

tt3t^*»#fcH«^ 7 r UX^r-7 7Hi*CLK y #ffl;*£n*©T, 7U>^7Py^2 

PCDjt±0^^yux^-7£0^x^7X^ (MO (a) teUiryhSn, tlj 

D) T**PXttP + l#ffl;&ati*. ^©B4<Dtti [00n) 7'Jy^7D7^2 2<Z5tb* (a) 

*Dfc*@ttl 9K*lr»T, ^T(craTS^»3#^ffl ^, U>?X^23<DQai^ (b) tt fLj tftO, AN 

*^$fr-5o D@K2 4C9if3^/ (c> W7'Jy7*7Dy7 # 2 2©Q 

[0 0 14] 02«, HlO16t0&»[5|%19(D«l^ ffi^J (a) tt IXj ft«»-T5. 7Uy^7Dy^2 2 

^ryn^^H, 03tt3tOi&*©l519(O«i^a9!tf5 a? affinal Tlj ©tiTCKl REO5±0ly^«ft 
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(6) 



1 04750 



10 



f^«, CK1 REC0^@Oi±r)Xyv^6^[5lOit± 
DXy v£T<oraiC, CLKPOi±0X'y>f«L 
fcri>o££#UxX*2 3tf>Qai;>7kt J" Lj C 

ffifltt THj tUZ. H©J6*. S*M^f rtttLT 

#rawr*4 c l k p zmmm\zm»tz. 

[0 0 18] MODfcCLKP{Cf5j$l,T^*CD 10 

TSipM#f T\ZttLXltmmT$>Z. MO 
Dfcl/yX^28tl/yX^2 9£ffiV>Tf r \Z^WL 
MOD£U~>-X*2 8KA# 

utltt^'J X^-*7 7 7 Otti^J 

C L K P (Dft± 0X7 ^»©MOD ICT»«a*ra> 

-scot, aM^w&-a*-a-*fc»T**. ws? 

X* 2 8(00^.^1/^X^2 9 Cfcwr, AND02S 
2 4<DthJl91 *>?\Z*\,*TmK)&tS. AND0&2 
4<om^ (c) teCKl RE<&8HelCPft±DXy^£ a? 
^ls]©^±0Xy^^TOmiCCLKP©iC±0X'yv 
Thj 35tffl*$n*Wtt©T, f r 

* 

- i 

Z 

T ( z ) = 



* COO 19) :/UX^~5 7e>ttJfcfttfMOD 

1 9CDtt*€AND@tt2 7K«fcoT££-r*. **S6 
«<Di5lC^UX^r-770^ftP^l 2 8£Lfc* 
PfttfP+l£2«ftfc«fcoT*«T*^ PI2b 
f CO* THJ , P + l«b; t bo 0 2 0<b\dy h& 

THj fcfcO, *®«0bi-b.ttttfc TLj Tfc*. 
fiSoT, liO^llKl 9CDm^J«CKl REOsrjlElO 

it±ox^i;^^^iii^)3t±r)xyi/^Tcongic, cl 

KP<D&±.*}Xyi?tf%£.btXfr?1tt$0* CLKP 
O4±0XyS;3j(WtU L**t>, SYMOD^ THJ 
(Dt€?P+l, SYMOD^ TLj <D<h#P£fc5. 

[0 0 2 0] X\Z. 01 9£>aj 
*tt«#Sl 8lCA*$n, S»@K3«)UA&fl!>S» 
tfSI*sn*. MUSI 8UA»«Stttttt@Kl&tf2 

8aj*£«#rntfg*pm*t f r t«>^«*«^tcjtw 

T*«3^#6n*. *f£* MMU 8<Dtti^F s ali> 

«»B5tn**R«»iE»i2K:x*«n*. sr> 
*tt±E2^oiB««*iB©tt«ji*»*ffl*-r*. a 

dS5 0C9IHft« (7) 5ST*T. 
«7] 

... (7) 



1 - z 

[0 0 2 1] mft$£5<Dmi)\*y £ i'*-?6 2\Z\J]% K/I^TftQ. 
ft*. 7^-^6 211 (8) iCfc*-r«in*©7-fK5K? [ft 8] 

Ri -i 
S ( z ) = S z 
i-1 



(8) 



[0 0 2 2] 2©ffl*tt5 s -f SWI^-f A *^>1:^>flf-©*«*(OB8«A^fia^«l^&S-S:^ 



R 2 -i 
U ( z ) = Z z 
i = l 



Lfc. (9) AKCfiitHR^^r. MTO*tt««i 

»«*KttiEi» i Rxf2<onmT*mAji£. 

[ft9] 



cut, Ritt (i o) afcxasn*. 



* * [»10] 



R 2 = 



f,xR, 



(9) 



( i 0 ) 



^fc**iIE8gl 2®HJA£llD»3*U MMttSlftl 0 

icAasti*. 

[0 0 2 3] B4tt. 01<O«*»©IS»E«1 2<D* 



50 



M&*fcSSg*§iEg 1 2 tt, tfffig 1 8 (DtftiiF s a £8K 
JM-*iD*«3 0£UvX*3 1, UvX^3 1©Qdi 
a&8tDfctfWS?X*3 2, W£?X* 3 2 (DQffl^tfA 
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(7) 



6-104750 



11 



12 



tt&S§2 6. Jt#f§2 6©a*K£Di3f3©«R£B« 

$n^-rsUD»S4 4 * 4 5 fresusan*. 

H4l:Sf400B^D-;^Reset, CK1, C 

*fc, IHWfi^F c o n t IMttftttiES 1 2 <D»ff£ 

[0 0 2 4] &T\Z. E»R«g»IE(5II&l 2<Z>ajtf£ 
SMUTS. E&RgSSlElall&l 2 0AM^Fs at 
i/y^^3 1©QHJ*I1 ttlJfS3 0T*DH£ft5. Al 
»S3 O0ffl*fc»K*Ui?X*3 ltCCKKB*^ 
^T&D&tn*. WJTsZZ l«Re s e t tC<£oT 
UtyhSWOT. Re s e t^ny^©Blc**n 
SCK10®R0llDjfcWTfen*. l/yX^3 1 

5NcIfcWLfcR«a**sn*. -JSKWIttWcMIBS 

-ST*»iiB*atHniK®fttt (i o) atcr^n* 

[0 0 2 5] uyX5 ,r 3 2©QWAtt#JFS3 3CA* 

a it.\/ 9 JX9z 2omxt<Dm&& (1 1) StlC* 

T. 

ttl ll 



A f = 



T x R , x R, 



( 1 1 ) 



30 



Jttt»2 6tt«»ft«»A f ©*#SJC*UT, tt£« 
ttSSSA f *t±3 0 0 kHz £± 1 5 0 kHz«HtB 

fci/^wft^r. (in st*m»r, fc&TsRiLte 

±24576, ±1228 8Tft5, JttfcS82 6te£n 
S®Rtt£2«RlCT*«U ±tt8ty h©*it«r 

[0 0 2 6] B5«, 04C!>ltttS2 6OXaiiiS^ 40 
T. X<-2 4 5 7 6, X>+2 4 5 7 6©^, ffift 
atfWISn*. -2 4 5 76<X<-1 2 2 88fttf 
1 2 2 8 8<X<2 4 5 7 6<Z>££, MkbWHRSn 
S. 1 2 2 8 8<X<1 2 2 8 8<Dt£* «Rc#B« 

*n*. a«$n*«Roffltt*a-rsiR*a«ic<fc-3 

6*0S«»*^tBA*n. -feU^^3 4IC«toTS« 

fn*«3 3ffi^». inJW4 4fcA*sn*. an*84 



IBteTS. ia9lifFcontl:J:otk^ 

4 5 is D -fey h ana. rateR8M*iiESg 1 2 com^F 

H O U t iilPfitS 1 7 IZfc^T, 

om*tira#sn, nareigiBioicAftsn*. 

[0 0 2 7] B6& Rl<D|g#^ai5IR|l<DW^t«l 

#ttSft@B2©a*i:c!>tt*«*ffl*ii^r, rbi: 
aur. ^#ttft®fci<Dtf-?*^>^£^T^n 

^D-^Kt.i, »S*>64*.€>n*#ffiRN, Sg&# 
«IaI»2rt«0!)»HRNx» D/A£«§g 9 <0A^ tt 

Pcont, m&mm&ti Pout, 

CDfflftDou t fc^T. 

[oo"28] «r«*H*2©if-ir*-rs>y*«r 

jfcS#A&n*#ERN;&«N 0)&>6N 1 lc£5E2nfc« 
CT«»**©«l#««*3ettt0» 

0 Wt>i1t&09 Dy^Kni fcT#«R1»«A»^N 
contSMU ■•«*@»2©rt«©»«RNx 
£M$tT*. c:©M»r3'-f5>yt^lC, D/A&& 
«9 0A*Sn«^64A6n5ffl««I n i t 

U tt*«»HJBliai*Pout*>Jtyht 
a. ^©*JB^6K,.i0 2^ny^©Wctt«8*ffl 
MPcontS»t«. CO|B©D/A«M9© 
A^IS. ±Gfi)HI{iIni tfcBft*n*. £<0<fc5fc 

Tnaaws i ^aio«i#^&cDra, tt***ffl^«t 

ft*. 2^0«««*W<Dtt«|gttK,.iC<RlJBUr7 f 

^^7-f;^6^6ffl*an*©T, fltfB^tfttfiSg 

1 1 C*ViT*0«fett»**fflffl^P c o n t fcT« 

t &H»*^^5n*»«RN^*Mt*ofcjft^& 
P (0) . P (1) . P (2) fcfflgtt 

tuai ncttp (2) tfs^n*. ^o(4ffiM«tti§§ 

1 IfflJiPou t *ffl^TD/A**«9a)A*©*|jE 

[0 0 2 9] B7tt, » 1 ©?WBfc(5]» 1 0Oi«* 
/WDy^BT, 08B«I«K£@K1 OWlr-TW 

1 0 tt. fttegfcfflgg 1 1 ©W^ P o u t tc<fc 

otiiiti n i t^MiELfefii^ffis-rsaiflgtnss 

[0 0 3 0] «I»R£@K 1 0 tt, »miH«lfi#Ga i 

n ici:o xftfci* n««m« »ft-r 3 

5, W#KS@ttl 0©A*fi*»DAGC£«ff»ftig 
K3 5t©a«lC**»8g3 8, ±K^*S3 8ai^t 
*tiE«iBliIiIlft3 6a*tftto»r*llD»«3 9, ^# 



^45- 



(8) #§8¥6-l 04 7 5 0 

13 14 
B3 8©ffl*fc«ft0fc**ST*#»3 7. *Wm \ n i t £<0&££&Si84 llCTSWSnS. 

7©ai^th1iiE<lf5tSS3 6(Dtb^tCDlKlff$:T^iJa» &£i§4 1 Offl*IS. *W**>4 2 £ttLT*iiEfafBtt 
8§4 0, ttffiS«ttJSl lCDtn^Pou t tftmftjglii 138 3 6 K A* 2 n. ttttfflftdJS^IP c o n t\z&m 
&3 5ffi*£©;fl£]&5ill*&4 6, »«^64Jt6n ft4*&tt*HiEH»a*P g e t iCi^T, *§E{Ii2 

W4i, &#®4 i<Dmtm#®4 omiitvm [003 4] «±©i»*, mmmR»®nB6<DmH.. 

IEMi216lHliS3 6, fUMn^Ga i n&tfttttttlE ou t £ftfctetf##$n, (13) *£T3t2n 

fWWm^ P g e t KCttMfcm*flM»K cont^ *. 

«jE«ME*IaI»3 6OX**lR0atf^-f5>y*584 J0 H,,0)=I.«.-Pout -(13) 

1-*OR0K4 3*5*1***1*. S#tt«lHlKli:fig#««lllS2(D2^CDfii#tt 

[0 0 3 1] KT. H80**A**-h*Jflt>T«fJ *©tf>:^0>A 

RJ£IUI&1 0 ©»fPSa«WT-6. «SMOTGa in *DAGCfcL JfilEffifSttHHS 3 6 <D<I£JiD*t§ 3 9 \Z 

tt, >i^-yn»««»**3r-f 3>y**Tflr*T» TMf*n*J:fcfc*D. JfcBtt»»«>W8«Sn. » 

*. MfMMMMGa i ntt«ft»£0K3 5KA*S «*£KfcSnfcfflSMt I n i t £H$<hLT> <K#i& 

nfcWf»«»*«oCLfc3»««3T«(»WEiiriii [0 0 3 5] ^ctr, amgawsffWjLto^TRW 

**so»r*. «w»«aia»i:«»6n4^fctt r«. *i\ tttt/«#««*«*PGc on t# 

fc^tfl, **JS«n?tta = 0. 5©»&S^-r. THj TLj Iz*ftl/T- AA*#-fe U** 4 2 © 
[0 0 3 2] r$\ ^*«tAMNc on tlCcfco a? YtiJrtlcjIIRSft*. Si/flSmWPGcon 

T, «#»fiia»3 5ttU«feyh3n, HJ*tt0<>:&* t #flD*toft5'<f 5 >^JitMg«m*£*£»£ffiiB 

©T. ftJM 3 8©ffl*t>0 *MB*&4 «0»lcC1*'rstt**|jE««lfi^Pge t&»©*-f 

A6nfca««I n i ttt. ±E»H*«»A«*Nc S>*&Stfffl«fcK DUMB 3 8©ffi;frte£& 

on t©^>f S>yiC*ViTtt*«*ffi«l lOHtfjP 13 1 3 7 CT«»Sn*. ±Bft*j3 = 

out*toa^«/«M«HPGcont]}» l-a?$5, **JMm*ff = 0. 5©i:*fc:WT 

THJ T&*©T» jWW4 lfttf-fel^*4 2S*L CHUT*©"?, £ £Tte/3 = 0. 5T$.§, ^£183 7 

TliiEfilB1ft[5IK3 6{CA^$nSo £C1T, fflfcWU MM4 0 fc*V»T. ffilEfilEtelHlK 3 6 ©tfi 

n> sAA^Lot^AAA^aKsntfie-r*. et ±0xyyfcT±e-feu^^4 2ffl*)WiiEfiiEisi5i« 

ASnfcfflJMl I n i t CO^OMiEffiSaikia J&iaftCMRSn*. MrSnfcfiJf§»«IIIK3 5U;*) 

&3 6©<IH.,(0)tt (12) t«»mSI§IBl 0OAAfc©*Jf^*»»3 8KT« 

H.,(0)=I.n - (12) £$n*„ ^3?§§3 8©tll^«^iEMEtftlHl^3 6coaj 

[0033] vM&ntmtmrv* mtt&ium xtmwzn. D/A«awfcA*sn*. 

^Pcont M2*fBI9P c o n t [0036] ^±lc5B^fcl&^OiaS=£«TcDS&ffl^ 

*g#«jrrs*<f svytiwc, *ijfN6£iiiB3 5 ^^dagc(o), «»w«©±i22o(o«*tt 

flKtt#bfc«rc**©T. #fc»££n*Jl£W:fcV> »«*1iJELfctt£H..(l), ¥fjft«J@ft(OMiE««H 

&ffiSMftffl881 Itib^jPou t lCW»»«IsItt3 5<h© £@fcl 0OA*DAGC(0)$f^T*tt (1 4) 
*£3MH&4 ffe*8&4 6 0>U«£Mt3* 5«:fc*. 

G=DAGC(l)x a (14) 
Sfefc, «ff»#W©»a«#D.«(0)B (1 5) ^{CT^ 

D..(0)=H.,(1) + DAGC(0) - (15) 

CCOt^T. ±EHlE«H..(l)tt. ^gS83 7t^S[g8 ★Ll»«iE«H..(2)*««»ana. 
4 0tCi:^^SlCJ:D, (16) a©«fc3IC»bU «★ 

He.(2)=H.. (1)4- (1-a) XDAGC(O) - (16) 
[0 0 3 7] (14) £(C*rHfttt*tt®G£: S3 9 IC<fc OlinS^n, (1 7) jjCtC^-fcfc ^ lCf»J#« 

(1 6) aiC^f«»«S»OltlEeHo(2)i:^llO* 50 «ftCD«M««D.. (1) fcfe*. 

^46- 



15 



(9) 

D. C (1) = G + H..(2) 
= H.. (1) + DAGC(0) 

+ aX(DAGC(0)-DAGC(D) 
= D.c (O) + ax(DAGC(0)-DAGC(D) 



&B8¥6- 1 04 7 5 0 



16 



[0 0 3 8] ftoT, D.c <l)«R<&««fflM»tt* (1 

&5\zmmn* a. a \ a\ •» tv^jBTSjrr i0 

[0 0 3 9] B9ttmatfy Mfc&K®R5 3®%£ 

(f^+f) Q n JnS86 5, i0g|g6 5<7)m 

ltf>fiTfc8 5 5, 5O)UAtcm«0!>«S 
£iI&3ti:SiIM8 5 6, ±G«HHKftlalKl OOitt* 
DAC#S*^fc8 5 5ffl*£«JM-**J(85 7, « 

0, «»B6 0IH**lfftn*2©»ftB6 h 
S^{fc8 6 1 COW* e £8518 5 6 fcttlJFra JwJW 5 

8a>e*Wcsns. 

[0 0 4 0] *lw, eyhg^|§lB5 3CDlMmH£ 

iesna^^ «**«iHiKixtt2CD«g#««<Dffl* 

e = b z" 1 + ( 1 - z _1 ) 
[0 0 4 2] 3&10jKMfc85 5(Z>ai^y«jiM 

8 5 6 tit>T±B»>^W(J«Wia+«»i3»#*.* 
DA=y z +e" x 

= xz~- + (1 - z" 1 ) 

*H«0 2»0 10»«ir-«IC»*r«. If* MM* 
M5 03ffl^jH D/AfflM9ICfc07*Dy«r 
*lK««an*. D/A**l»9ffi*ttD-^X7-f^ 
*5 4\Z\Jj2tlZ. fitot, (19)«^Tcfc^ 

t (i - z* 1 ) 0n«EMreej:oftmM£/ 

[0 0 4 3] E91 0«, ni®£9hftttttBM5 3® 
2*A£*-/1-U->^*fflVJ&E»T**. 2#A 



(1 7) 

CDT, cn£JllV»&lMfi£TfclOTttl>. 5Vlf©*# 

^ClT«ftT{i:8§5 5©«aO»T6n*fc:y H»C0 
4#© 1 t-r*. #£210*86 5<DW*«fi^bS5 5 
IC^oTTfify hUc^»J«Stl-5. OTDACOt'y 
hftttVCO0)«lttftBl««H*4 OMHztlfci 

rooHz aT<o»*«*««fc*fctt. i 9 tr? 
ha±^»ttt*. *Hb»5 5K:J:oTiM*an«if 

•yhftH »lCH£3n&l^ D-;U7^^5 4 

CioTIWRSn*. "~m, ^(SDB^SHWIw.tS 
MMkO?tltfi 3 0H sKTttt** 5 lz. 

^M5 4 (oaBrMftft* iokHz, B«rr« try h 

[0 0 4 1] S^fc85 5l:J:oTTttlfy h£B'J«3 

nt are y t d a c t <om% £&#8 5 7\z&? 

T *. ttJM 5 7 ©ft* b ttS^NtS 5 5 0ftTft«« 
TfcSo ffl*btt«SSS8 5 9tM^«6 0tft^ 

{fc86 ltCT«^5n^l^A2My^X'>x-fcf>^ 

©ffl^eJi (18) j£T&*. 



Nq 



(1 8) 



5 8TJ0££n*ar?, tfy hftSM9lt5 3 tfJ*DA 
tt(19) 

Nq - (1 9) 

40 ft®gfti 0Offl*DACfcfflMW3tt*»»» (x-flf) 
Qn&a0*T£;&n*8 6 5* flDjM 6 5 fla^A** 

n, ^a&sasn&Tttt:* h 1 os^ib 
sss, m=?{k%ss<DMi3izmi£<Dimmzmmi<* 

2>iIE85 6, ±fiDAC*6«Tfca5 5©W*«t 
MJM5 7 0ffl**>6S2©*Hfc 
86 ltt*£«jm>tt&K5 9. 5 9 <Dffirt£ 

«a»-r*»i©*»86 0, «»86o©m**^2« 

ftH6 3©&*£M*-r*M£86 4, «#86 4© 
ffl*£fc#i-*!&2<0«#86 2, «^86 2<DW^& 

5^ mwtrzm 2 ©m^ass 6 1 . 6 1 <dw^(o 
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(10) 



6-104750 



17 



18 



SIS 5 6 (Dtitfl tlM&'t Z>tiQ&M 5 8^e»^sn<5. 

tO 0 4 4] 09©fc?y hfttt«3BJ:MR£. A*<I 
*DAClC«»Wtt«»j([»Qn€llD»«6 5lC*t?T 

e = bz~ 2 + (1-2 



59^1 ©ft#8 6 0 £«JHg 64t^2^ 
#8 6 2 £31 2 fcft^fcS 6 1 IfctffflfMg 6 3 \ZTm& 

0) 5t"C&&. 
) l Nq •« (20) 



(0 0 4 5] SHl©ftTft;g§5 5<^m^Jyti>g3^ 

»5 6tJ:-3T±l3^>^«»©2*lrffia-r*iIS J0 
#4*5*1*. ^IC, 2*A2ffl/-f Xi/x-kf>^@3K 
DA = yz" ! + e 

= xz" ! + ( 1 - z _1 ) 
(0 0 4 6] 2*A2ffl/^Xvx-tf>yillB&flfr* 
£ (21) jZlZTK-fl: 5 icS^fcg 6 1 
S?ffc*tWN q K»LT 2 &©j4ttf^*t*1f &ftfc 
i^tft5fcJ50-/U7^J^ 5 4 £Mftfi*Sfftt 

tta««3n?£&. 3 sic. n— /tx7-f;^5 4oaj* 
a v c o 8 ©mm* irvcos onmmmmt 

»v >-tr-9-f if-ffi* s y n t urrn^ $ *x* 1 1 t> 

IC, *S#tt, 7»JA4r-5 7K:AA3*l*. 
MODfcJ:oTBfg©»«R (PXttP+l) <D»m* 

[0 0 4 7] 01 114. *«W«C<t«fflttft-»-fe^>r 
*f-©te©*MW©*j«£^TeiT*<5. 0 1 
Jfe0tJ £ © £ »H 1 ©3g#tf SUB 2 a> * y 'J A $r- 7 

ttBtf#ASn*»3©«»tt*|IIBl 3*>S»JS3*1 

&Ete#BTS, y»JX^r-7 7tt»10 0MH 

[0 0 4 8] 01211 *»9|tC«fc*W»fc^>-fe-y->f 40 
^-©XlCtt©*!^©***^*- y P y ^ 

S. 01©S#[9j»3, 4£tR^5*WR3tU MGE 

s 1 5 t&&®f& 1 4 tfaunsnr^*. hies i 5 \t 

3*U JS»@»1 4»MiUSl 8©atf)£E*ft8£S*l 
iE»l 2£©Wfc#A3*l*. *tiE»l Stt. Sg##£ 



3KB©W:&efcL «*fc»5 5©ffl*y£2tf>:fA*«8i 
te«[3lB5 3W^JDA« (2 1) 5££&*. 
l Nq - (2 1 ) 

tLtuxxftrtia. *-n-7u-$:wm-?z>z.t\z 

[0 0 4 9] a±»^T€rfc»*R>'>-fe1>->f-tf-0* 

-f*-*«*r«, MMKttHBl. MttttHB2. 
H#laIB3, 2E»@B4, tt#»5. rr^7YJP 
5>6, HMtftHBl 0, ttffiSlftttBl 1, ^&&*t 
IE>1 2, «#tt«2£l2!Kl 3, I^BM, WE 
SI 5, EDfcSMUBl 9* «1^B 2 0 ft ffl»ff*t 
«484 7<0-«feL<IJt«SDSP (t^^JMI 

[0 0 5 0] HI 3RW81 4tt^-rnt>*»KIC«k* 
-©**W©*Jfc£5i*r:/ny*Bfc*. 013©*S6 

B««3e««**^>-fe*-f1f-tt, HI, Mil, X 
1401 2©«fc*S'>-fe1M1f-5 Ot. »MftN«7 
HUAtLT««ft>'>-feU--f1f-5 0©iR*16*DA 

(tiBiB4 8*^*«$n*. 

[0 0 5 1] E*®B4 8lcE*anT^SW*tt, «0 

»-T*JM[*^>**-f-!f-5 0©JR*18*DAC*» 
#^trSd^€:fT3o VCO©fflfe*ft*I»m^t»S«» 

±E*»ttftB*W^tt©*»*?>^<5^:Lfcfe 
©TfeSfc*. l>tfctfE*®B4 8©rt**<«*n 
E«Lfc*«tt*@©«*ft-»-fe1>--f If- 5 OK 
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(11) 



1 0 4 7 5 0 



19 

[0 0 5 2] ^314 I^TSSfcW*. V C 0<D^SS^ 

K UTs t LT±iE^&&S/>ir+Mlf-- 5 0 COitX*^ 
&N<h±g2gBtelHlft4 Bmjj\zbt~3^T$:®<Dmtii& 

i/ >-t*M v-e>&mm&&<D®mmzmn-? smuts 
[oo5 3i vco<Dm&&wmniz*iTz>fmm 

'>&< <hfc 2 a«<7)^«c^*rs^&ts:i/>-t^if 

-5 QCDiRjfcfl^ ±ISVCO(7>^&^m#l^ 
-r^^^^CDK»<D2^©;^^-^ («#£*7 

^^SIO^&»^>i:^1f-5 0^^&»o^ 
te<hUTA?3*aBM n i t tcg:£$n*. ±13 

[0 0 5 4] B15I1 *»WOH»fci'>'fe'9"f1f- 

ftffl ^fcca»»®-*iB«o«irtft*-r v * bit 

*fi2KBI& g*«#f r, »MftN. Fco 
n t, Ga i n&tfl n i t^A^J^tl, lf££ttfc^ 
ftfttCTaat-SEftftS^irlM If- 5 0 tawsfit* 

-f*£H$5 1£, a««^lC»UT±BJS«*'»-fe 

ffi*-r**nB5 2*>&*rt$n*. «*ft^>-fen--f 

if- 5 0 te±fES*Pm^ f r &#MRN*& f r XN0 

m&<Dm&trzz.t\z£Q. smmttitzmmo) 

1Mlf-5 0 £mvfcttfcO0WfcjMTi\ ± 
EH*ft5/>*^-!f-5 0©58Sffl*ft35«*W*5 2 

£««Si5 1 CB»$ft*»*0«M*ft*t*fcr* 
09£t>2ffl«5Jtrr&*. Fcont^Gain(0 



29 



&£^T> 1 9 fcf y h<D««4>D/A£&§§ 

tH«©»*&ff3^i:^m*, PLLSH«ft'»-fe 

0, 1 0 0 H z aT©B»»*««r*«**^>-fe* 

-ftf-jWIWC**. 
[0fficoffiiitifc!&E] 
10 [0 1] *58WC J;*Ji«»^>-fe*-f 

[02] 01<DfcO&*[§I&l 9<Di«$^D'>^ 
S3 

[0 3"] Hl©tt*0a*lHlBl 9 0»«sRW<Z>&«&0> 
[0 4] Hl<D«gft«»(ailSi(Dtti^tli««»lHlB2 
[0 5] H1©«»R*IjES1 2©***«-r^ny^ 
20 [061 05 OttttiB 2 6 0J|3H13c£^T0 

[07] Hiottftnasitti oco»«*^i-^ny^ 
0 

[08] mffiftm&\ o©»^>fA^-h 

[0 9] HlODfcTy h«<S«leia5 3O|ttSW(0«|*S 
[010] HKBfcfy h»fi*IeItt5 3 0*2iWO«l« 
[01 1] **Wfci*«ttR5/>-fe1J--f1f-©«0* 
30 [01 2] *»WtJ:4«»*y>'t'y--flf-a>H«c« 
[0 1 3] *«^ic ( fc*i3fflW«*tt«Tfr*«j««ail: 

*y*0 

[014] *X9!lcJ:«lc«HI««KttT«««MMK 
ffiffl«iS*5/>^^tf-«©*««lo«lricfe*T^n 

[01 5] **woM*-»-fe*-f-tf-*ffli»&ea 
40 imawm 

1, 2, 1 3 "-flMrttttlBlft 3, 4, 14~« 

7 Xtr-y 8 •••tEMIHHI 

» (VCO) 

9-D/AMMH 1 O-SNHttB 



1 1 ---ttttSttfflS 
50 gg 



12-mkWiiE 
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(12) 



4$§B¥6- 1 04 7 5 0 
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1 5-«jES 


1 7-iDJW 


4 4-ftlSS 


4 5- 




1 8-MJ» 


1 9-«tOa*0 


4 6-ftIW 


4 7 




R 

2 o-awuB 


2 5>y 


4 8 -etUsIB 


4 9- 








5 0*»^«»v>ir^1f- 


5 1- 








5 2 -cm 


5 3 




2 4.2 7— AKDSM 


2 5— 










2 8, 2 9. 3 1 


5 4-LPF 


5 5 








ftS 






3 0-tDJHS 




5 6-IH 


5 7- 




3 4-tU>7* 


3 3-WB 


5 8 -mm 


5 9- 


-mis 


3 5-fMWftSEW 


3 6-ttjEmai 


6 0-*l©«#« 


6 1 














37, 3 8 -am 


3 9-*J» 




6 3- 


•»*» 


4 0-HnJW 


4 1 


6 4---MH 


6 5- 




4 2—fel^* 


4 3-ORBI 









28' 
CK2E 



CK1RE 



MOD 






US'** 




D Q 




D Q 




C 




C 



[02] 

12 

(SYMQD) 



29 



.22 
(a) 



d q 

c 



(b) 



(0 



ft 



27 



in astslisout 



(CKIR-Delay) 



b7 
b6 
b5 
b4 
b3 
b2 

bl 

bO 
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(14) 



4$BS¥6- 1 0 4 7 5 0 



[S3] 



(05] 




DAC 



(15) 



»M¥6-1 047 50 



[06] 
116 



Kyol Tl TL 



— n — n : n n 

N jO — r~ ni j 
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